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(54) DC-DC CONVERTER INSULATED BY TRANSFORMER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce, with a small 
loss, electrical stress applied to a switching element 
when it is turned off, and to increase the conversion 
efficiency of a DC-DC converter insulated by 
transformer. 

SOLUTION: Between a collector terminal and an emitter 
terminal of a transistor 3, a snubber circuit 13 consisting 
of a series circuit of a first and a second capacitor 14, 
15 for snubber and a diode 16 for snubber is connected. 
Between the snubber circuit 13 and a connection 
between the emitter terminal of the transistor 3 and a 
negative pole terminal of a DC power supply 1 , a first 
regeneration circuit 17 consisting of a series circuit of a 
first reactor 18 for regeneration and a first diode 19 for 
regeneration is connected. At the point of the snubber 
13 and a connection between a primary winding 2a of a 
transformer 2 and the collector terminal of the transistor 
3, a second regeneration circuit 20 consisting of a series 
circuit of a second reactor 21 for regeneration and a 
second diode 22 for regeneration is connected. 
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0=2^—^1*, 1-7^^ 3*5^-vttJii©i:#(::E 
8KSj!il^5>l^«*2alcSittv5SSSlo{c:J;!? byy 
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30 h'4RXfVT? V/ve&ftlsXW-m^^y^-V-lRXffk 
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tt^K-rSiS, ©I^Ue]BS9rttCf* > -^©^W©HA« 

z&mm&wk. s2pmjE^*t-T5*^f8 
ft®Ln&*vc%t-fz>it%tm% t nk, jtKiaKgpwtb^m 

3©^<— ^^lc#4--r?>^J^Vu^^^:|e] 
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mam— ki e&u^wxT-^ffi^T^ij-i 5© 
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IP^>, ^.T-^lHlKl 3te, h7y^^3©=H/^^« 
^•fc-iS^^iK^iv^iro^T-^=>^7 f >-1M 4 

H 2 £>;*T-^fl! n ^7 Vlh 1 5 k , 1 co^-T-^/B = >- 
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i^^Jx^^T-^ffi^-r^— Y'l 6 £*^«fi£^tv5o * 

[0 0 15] ^llOTth7^ft&i!DC-D 
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5 ro-e, ajftffl^-r^-- K4^ig*rn]tr^-rr^^jxT 
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ft 1 Xtfft 2 (D*~Ts<m a 14,15 <E>£-* <D 

h^6^h^/^tfmiti^tlXV T9 
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J: 9, ft lRTfm2<DX+s<m^>y :r ^l 4 N 1 5 cd 

0 V36^tfe^rtC±#i-5^>Tf, h7^^3(D^-y 
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=f 14,15 O^-^r CDf^ffiCD^ff dSiSilE 
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>-x<D^*/u*tmiRxf&2<DfB\*kmv7? bsi-i 
8, 2i<o=*A'*etmi&xfm2<Dm&i®Ki7 % 2 

50 0, 77>f^y^h7y^2 3itfStffl^t-K4 
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flEA *V K 4 £^ LtM 8 Vo *« 

[0 0 2 6] ±Bot5^ H 2 fcsr*K^**Bte*5 

«4t5/^X^»t- S^1tflE*lcj: 9 h^v*** 3d* 

1 5 0#>«r<DMM8^®JE<DfP3dS (N1/N2) • Vo + E3r 
ii^i, |lW|2Wt^3>'f>'tl4, 1 
5tC®^ ltfaSHfc77>f^5'^ h7^ 2 3tf> 

18>f \s?99^* ox^/u* £ ^ 1 xt/« 2 

yrn/H8, 2 1 <^*/u=¥as&^B^<;^— K4 20 

h7 3&fi— >*>1rZ>M\z7 by 

13-e©l*a*#*t*t, h7^!6ilDC-D 
C =1 ft JrTS r i# PlfiBi: 

[0 0 2 7] B3^*mifi^»1B^) h^^lft 

SiDC-DCaWWIl, h?^2©lft*»2 
aM2 2 b t SMM^ tlo2 2 b t W9t 

Sttio 3 2 c^iEV 3 assp^v^U- 7 on 

JBEVo £Kx.S £ # (c2»»^fl[ t ft* * 9 V^fflS*^ 
^ 1X0^7^^ t-K2 4 ££r{i;ifc«ff^ 
9 y/lfilK 2 5 £EI 1 iC^-T h 9 >-*Jf&ig^D C - D C 
a * =* 7 L,X&&IKmWt U/c 

t(D"Cfc5o -t<0*fc<0«J*l*, g] 1 fc^-f h7^ffiM 
aDC-DC3^-?iRHft?ife5, 

h 7 ^^*6»S!D C - D C 3 W*-* t B&P^-CfoS <D 

[0 0 2 8] H3JC*i-h9>^*6»S!DC-DC3>' 

h ? ? 3 ©tyMMtlc h 5 2 <Di 
m^f^9'9 9>^\cmm^tiit^^\cx miR 

1/12^/^3^^14, 1 St^tl^tl^m 
£ti& 0 ztik&\c s b?fi?x*3<D*>'MK<t l \zm 

'<m?<4*—\*i 6Rx^mi(om±m^^r— ki 9& 

^UT*2(D^^/<ffl=i>'7 :f Vif 1 SfcUfca&StU ^2 
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m^ffi jfj t-K2 2 » V* -Jv<ffl ^t-K16^ 
Iti 1 ©^t/<ffl3 yf 1 4 ixSo Zti 

KJ;*K ^t/<[ilBl3^IlMS2Wt^3 
V^Vlf 14. 15 (O«jEi6S»0 Vd>5)ft^r 

^M^IUEIi. IlRVS2^t/^3y7 f yti 
4 X 1 5tf)&*<Z>mjE<D?nl;iB&^LV^T\ h7^7 

[0029] h 7 y^ 2 (Da8^ y ^ a$ 

fltL3L^/V^tm\RXl^2<om^m VT9 h/H 8, 
2 1 l:fi»Snfc3:*/w*l:J: 9. ^HIKl3rt(D 

i iMS2oxt/^n>7 f yti4 > ls^^tt^e 
*x5teH*tt, h7y^^3©3y^^-3i^y^s^ 

HI<0«JE^Bi:aE«aai<O«JEES:ffl*.«i:. h7y^2 
0lJ5c*»2a^a5*f^lc«JEdSB3ip*^« 0 cilia 
9. h7V^2^3jJc^i|ft2c^1 ) lft#ij62a(D®JEEi: 
RMtt* BP*)3ft«l»2cOT«*E«ittO«Ed5«jB 
£*t5 0 HT\ h7y^^3(D3l/^^-x> 7 ^ 
«S^MeO«BESrV a t h7^2(DlM2a, 2 
2fe#i»2b, 3***2c©**tt:SrNi : Nz : NsirU 
fc4§£\ h 7 y ^ 2 1 fttii 2 aCOffi^ Iff li Vg - E 
&ftSJ&»&, h9>-*2<B3&*«2c<DM*8<&«JEV3 
f± (Vq-E) • (N3/N1) t#5o 
[0 0 3 0] h7y^^3(03y^^-x> 7 ^ffix 

KomffVQ^ (N1/N3) • Vo + E £9 fcAK&S 
t> h7y^ 2©3ft«»2c©M*B<0«jEV335S3p»n 

/0K2 5rt^^7 y^ffl ^-f K 2 4 ^*a^fig t 
^1X1/12^^3^^1 4. 151: 
Ifft ursa^ttfc h?y^2©fiB^y^?y^ 

Ox^^rlUTjf 2(Dlel4fflyr^ h;H 8, 2 
1 O^A-^mjE^ 9 ^r/lUK 2 5^ lt¥»3 y 
^^7^HI^*ix5o :ftl:J:^ h7y^^3(D 

O h^v;*2<Dl&^2aOffi^lIffi (N1/N3) • V 
oiI«ttBl©t£EEi:Oft©f, m-h (N1/N3) • 

vo + E-e^^^^stt^o 

[0 0 3 1] UfcdSoT, El 3 JC^-t-||J6(D^lC*5V^ 
TtBlte«rsWIS©»«i:IB«lte. h7y^?3 35S 
tytttt^e)t7«lBt45i#th?y^?3(03 

-T5<DT% h?y^^ 3(0^ — ^7^tC*5*tS=i W 

it5^X^f-^lE§i:J:^) h7y^^3^§: 
5o ^^c. h7>'^2<D3 2fe*jR2cO«JEV33&S 5 F»=a 
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<n^*)V*? h%\ R&m 2 oiHj^jS 
5 Sr^bT¥»= ^t*^* 7 ^{H3^$tb5^-C, 13 1 K 
h7^ii!DC-DC=i>/^^(Z)M 

* 2 a<D*g^-®JE (Ni/Na) • Vo^r E-mail 
E£(D?q<Dffi N gpt> (N1/N3) • Vo + ET^7^^ 

omjEVo^ (Ni/n 3 ) • v 0 + E^«iR-e#s o 

h7^^^3©3^^-x^y^B^rai:ig 

[0 0 3 2] HI 4 ^^-TUmco^co b 9 

tSDC-DC^y/^^it h9 V* 2CDl#c**2 
aRZ* 2 2 b a^.^^ Llo 1 &*#| 2 at 

i^stt $ nit 3 frmm 2ct, 3^m2ctmm-mm 20 
£ fr-g-o 3 2 c<Dmfr v 3 ^ff «*n 1 omji e & 

<o? ? ^my-n-— K2 4 fctffi&fcWE^:^® 

5 Sri 1 lOTt h 7 y^fgigf D C - D c =r y/<- 
OffiOfllfiKtt, 01^tf7y^IlDC-DC3 

[0 0 3 3] m 4 l^i" h 7 Jffeig^D C-DC^y 

i;»2(D^t^ffi3y7 f yf 14, 1 5 *s**t-e*t*« 
s<my^*— ki 6xw*i^ia^ffl^>r^— ki 9£ 

^U»2^t/^3y7 f yf 1 5C«»Sjl, 12 

H£fl^-f K2 2Xtf^t/<ffl^*-Kl 6^ 
ttil ^t/^^yfyfi 4lc#t)^$ix5o -tt 
K«fc?). 7t^@Bl 3rt©IlStf»2^t/<ffl3 

^-PdJcDSJBEte. ilRi;i2 0^t^ffl3yf>'tl 
4, 1 5 <Dmi£(Dlfa\Zlfe^l,\,^(DX^ h7^^ 

[0 0 3 4] h9>-*2<DBbK-f :/^*:^K*S£ so 
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2 ii:*«Sfttx^ici9, ^t^lUKi 3rttf> 

lg 1 2 <D*^<ffl ^ ^VU* 14.15 ti**tl? 

WO«JE3»a[«maai©«EE i:. h9^*2 

•9. h9>*2(03&*»2cKt>lfc#»2aO«J£i: 
PStt, BP*,3ft**2c«>±«3»A*tt^)«£E^RjB 

£*l6 0 rrr\ h7^^303i/^^-x> 7 ^ 
^ra^mjESrVot h^^^2(Dl»:#j^2a. 2 
ft** 2 b, 3&#*2c<D*»tf:£Ni : N 2 : N 3 «h L 
fc»-g\ h9V^2<OUfc*j»2a©«8^«EttVQ-E 
h^^^ 2^>3ft**2c^^*^mffV 3 
ttB3|:*t»©»lliBifc (Vo-E) • (N 3 /N 

[0 0 3 5] h9 3(7)=Hx^^-^^ 
raoWBEVqas (N1/N3) • E + E£H!i5<45i, 

h 9 2 co 3 2 c<DM*g<ofiffi v 3 asuamas 1 

<E>mjEE£j^;t5<£>T\ mj£^9 V^Ih]K2 5rt<0^9 

h 7 2 (DlS-f y ^ ^7 (Ox^;V^ 1 ^ 
^9V^ P lH]gS2 5Sr^UrSgf£S^l fcl§I4=Sita 0 r 

tLtCi h7^^3C03l/^^-X^;x^fflXH 
<D«JEV Q dS3i-*/W^f{5l^o h9^* 2<Dl&#*2a 
OSS^PSJE (N1/N3) • Ei:iE«fEmaSl^mjQEEa:0 
fiHBffi, fip*> (N1/N3) • E + E-e^^^SHSo 

[0 0 3 6] Lfc^oT. ia4t^-rj|JB^^ffiiC*5V> 
TtHll^i-^JScD^fiS^l^fii^, h^^v^^^s^s 
tyW^^ItiSttlc h7^^ 3 CD =2 

^»«Ii:TOch7y^^ 3<D^-v^-^^« 
*-T5y>fX^— ^«E»^J:i9 h^^^^^3d5§: 

5o h9^2©3j9c*Jtft2c<D«EV3 3&Sit«L« 

Sll (D«JEES:S^^^, ^7^ffl^t-K2 4tf 
9. SlMi2^t^ffl3yrytl 

4, 1 stc-e^t Lxm&zthtc vy ^^ 2<om&^^ 

A-18. 2 l©ai*^^s«JE^9>^!HlK2 5S:^U 

-cii:««aai^iB]^$*t5^'c. i^Kc^i^i 

^JtftftSlD C-DC 3 

4B^-IB«>«JE V 0 & h *7 >>* 2 (O 1 ft^M 2 a^ffl^-^JBE 
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(ni/ns) • Ebw.mmwn<Dm&Eb<D$n<om.. ep 

*> (N1/N3) • E + E-C7 7>'7'£*v5cD-C% h7> 
3 On U-7#-:*5 s/^^ra»ffiJEVQ«r (Ni 
/N3) • E + EfciWRgt?#5o ^<Dtztf>^ m3\C7n-rM 

[0037] *&w<Dnmmm*m&<D£mte<ommz 

ia<o#HJS<o^filroSB 1 wia^iHiK 1 7 5ft 1 10 

K2 o«r«jsfei-5»2©ia±ffly h/w2 1x^2 

Lfc»tt«r*Lfc**, MOS-FET (MOS3!ffi#3b 
If7>-^?) » J-FET (^St^ftbyy 
, IGBT (itfeig:^— hM-K-Ytf— 7 h^V-v 5 

7.*) xiif-'f v xf^vm^xj yf-^ym^-htiim 20 

[0 0 3 8] 

*gtt©iSSi^ h 7 >-7.i?£llc§!D C-DCa w<— # ©3191 
»5itd5-Ct5o Ml-s h7>-7©l&#;SUfctf 2& 

mm t 5 3 t , 3&&mbw.m\cmm 
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[hi] *&m<D-mM<omm*7Firh : ?^*imm 

D C - D C 3 7 ©SfvEIBSEI 
[12] SlOFy^ifStlDC-DCny/W 

[H3] ^mnmnmmn^m^m^- \-7y*t$m 

MD C -D C 3 7 ©«^[h]8&|2| 

[H4] ^l&HftDfc p— o©ttO*IOMSr/7th 

7 ^7 *6^d c - d c => >v<— 7 <Dnn.\M)&m 

[B5] h 7 y^lfeilD C - D C a y^-? 

[fffORM] 

1 • • \M.ffinM, 2 • • h7^> 2a- • 1&# 
US, 2b- • 2&#*&, 2c- • 3 • • 

4*- k (SMfflS^^-) , 5 • • mmmrj a— 

K («s«E^II«taf^) , 6 • • y7? h/K 7 • • 
sp»3^7*^, 8 • - Alt, 9 • >iHff|Bl», 
1 0 • • 1 1 • • ^t/^figt, 1 2 

• • *-T'*m a is<? is*?-* 1 3 • • 7.7-^IhISS, 1 
4 • • mi(D^^-/<m='> J fy^. 15 • -12©^ 
t^ayfJ't, 1 6 • • ^t^l/'f*- K (7 
T^ffi**!*?-) , 1 7 - • ft 1 ©BSLlIlfc, 1 8 

• • Sicl4iy7? h/w (ft 1 ©^A-^fSffl^ 
S) s 1 9 • -ftl©(H]£ffl7*-Y;*--K (ftl©te]:£ 
/HSSfEjfH 1 ) » 2 0- • ft 2 ©issnass. 21 • • 

f 2©H14iy7^ h/V- (ft 2 , 

22 • •m2v>m±ja*'(*— k «b 2 oh^se* 

*^-) , 2 3 • • 7 7>f ^5,7 h7 V7 X 2 3a- 

• 1 &#i»s 2 3b- -2 tfC^JSU 24- • 7 7 ^7* 

m?-(*-Y (ry^mmmm*) . 25 • - ©je 

7 7 >7*[HlgS 
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